ABSTRACr The prevalence of right ventricular hypertrophy was studied in necropsy material from 215 coalworkers, a group which consisted of 115 men with simple or no pneumoconiosis and 100 with progressive massive fibrosis. Right ventricular hypertrophy was considered to be present if the ratio of the weight of the left ventricle plus septum to that of the right ventricle was less than 2:1. The prevalence of right ventricular hypertrophy was low (1 5 %) in the absence of progressive massive fibrosis and appeared to be related to emphysema or airways disease or both, and not to simple pneumoconiosis. It was evident only in subjects who had smoked. In subjects with progressive massive fibrosis the prevalence of right ventricular hypertrophy was higher (34%) and it was occasionally seen in non-smokers. The prevalence increased with increasing size of lesion, and for any given size of lesion subjects with right ventricular hypertrophy had more panacinar emphysema than those without right ventricular hypertrophy. There was no relationship, however, between the extent of massive lesions or amount and type of emphysema and the degree of right ventricular hypertrophy.
Chronic airflow obstruction due to intrinsic airways disease and emphysema is the most frequent cause of cor pulmonale, a term conventionally applied to right ventricular hypertrophy secondary to structural or functional abnormality of the lung.'
In a study of coalworkers Gough found that complicated pneumoconiosis alone could be associated with cor pulmonale and suggested that this was due to the destruction of large areas of the pulmonary vascular bed resulting in pulmonary hypertension.2 Simple pneumoconiosis, however, rarely gives rise to pulmonary hypertension in the absence of concomitant obstructive lung disease or tuberculous scarring,23 although exceptions have been noted. 4 As emphysema and airways disease are found in conjunction with complicated pneumoconiosis it is difficult to determine whether the cor pulmonale is due to the industrial lung disease or to the airways disease and emphysema, which may not be associated with the dusty occupation.
The aim of the present study was to verify observations of the prevalence of right ventricular hypertrophy in coalworkers with simple or no pneumoconiosis. In addition, in these coalworkers and in coalworkers with complicated pneumoconiosis the associations between right ventricular hypertrophy and the size of the massive lesion (where present), type and extent of emphysema, indicators of airways disease, and smoking habit were investigated.
Methods THE 
SUBJECTS
The study was carried out on the hearts and lungs of 345 coalworkers who during life had taken part in the pneumoconiosis field research5 of the National Coal Board. That research was based on 25 collieries selected as typical of the variety of underground conditions in British coalmines and comprised surveys of all coalworkers in these collieries at intervals of four to six years. Each survey included chest radiography, pulmonary function testing, administration of a respiratory symptoms questionnaire, and the taking of an occupational history.
The 345 coalworkers form a subgroup of the 500 subjects examined in a necropsy study of coalminers' lungs.67 Hearts were not available or were unsuitable for dissection for the remaining 155 subjects. Panacinar emphysema refers to emphysema affecting all air spaces within an anatomical lung lobule, and paraseptal emphysema is emphysema occurring against the interlobular septa, subpleurally or in relation to the larger bronchi and blood vessels.
For assessment of emphysema and lesions of progressive massive fibrosis lung slices were divided into six zones as described by Heard." In non-PMF lungs the amount of emphysema in each of the six zones was estimated on a scale of 0-5 (according to the number of fifths of the zone affected); this gave a total emphysema count expressed as thirtieths of the lung slice. Within each zone a visual assessment was then made of the relative contribution of the three types of emphysema (centriacinar, panacinar, and paraseptal) to the emphysema estimate for that zone. This enabled a division to be made of the total emphysema count into counts for each type. Although recorded, counts of paraseptal emphysema were not included in any analyses as the amounts present were usually negligible.
In PMF lungs the extent of the massive lesion or lesions in each zone was estimated on a scale of 0-5, the total PMF area count being expressed as thirtieths of the lung slice.
The method of estimating emphysema was modified slightly for PMF lungs to take into account areas of lung tissue destroyed by massive fibrosis. Thus the amount of emphysema was expressed not as a count out of 30 but as a count out of 30 minus the total PMF area count; for example, given a total PMF area count of 8/30 the amount of emphysema would be expressed as a count out of 22. Counts of emphysema were then recalculated and expressed as the equivalent number of thirtieths of lung affected to allow comparison with non-PMF lungs.
Where both lungs had PMF area or emphysema estimates, or both, the average was used; otherwise estimates from a single lung were taken to represent the pair since in our experience estimates of emphysema or area of PMF lesions did not differ appreciably between left and right lungs. Subjects with unilateral PMF are an exception to this, but 30 of the 33 subjects with unilateral PMF included in the study had complete data for both lungs. One subject had no PMF area or emphysema data and in the two remaining subjects, both with a small unilateral lesion, the emphysema estimate used was that of the lung with the PMF lesion. The pathological counterpart of the mucus hypersecretion typical of chronic bronchitis is enlargement of the bronchial mucous glands. In the non-PMF subjects there was no difference in the mean bronchial gland-to-wall thickness ratio bet-ween subjects with and without right ventricular hypertrophy.
RADIOGRAPHS
All four of the subjects with right ventricular hypertrophy for whom recent FEV, data were available had airways obstruction with an FEV% (FEVy An examination of smoking habit in the non-PMF group showed that right ventricular-hypertrophy was absent in all eight non-smokers and rarely present in the ex-smokers (table 3) .
RIGHT VENTRICULAR HYPERTROPHY IN PMF SUBJECTS
The prevalence of right ventricular hypertrophy in subjects with PMF was 34%, significantly higher (p < 0.001, x2 test) than in non-PMF subjects (table  1) .
Of the 100 PMF subjects studied, 85 had complete -PMF area estimates, emphysema estimates, and bronchial gland-to-wall thickness ratios.
Association with extent of massive lesion
When the 85 subjects were subdivided according to the extent of PMF the prevalence of right ventricular hypertrophy was seen -to be significantly-associated (p < 0 001, x2 test) with the size of lesion. In subjects with small PMF lesions (< 1/30) the prevalence of right ventricular hypertrophy was the same as in non-PMF -subjects, whereas in subjects with lesions of greater than 10/30 the prevalence of right ventricular hypertrophy was 83% (fig 1) . showed the same distribution as the values obtained within five years of death. Thus the FEV% values of PMF subjects with right ventricular hypertrophy differed considerably from those of the non-PMF subjects with right ventricular hypertrophy, although mean emphysema counts for the two groups were similar.
When smoking habit was examined it was found that right ventricular hypertrophy was present in two of the seven non-smokers and in five of the 11 ex-smokers in the PMF group (table 3) .
PMF SUBJECTS WITH RIGHT VENTRICULAR HYPERTROPHY
Of the 34 PMF subjects with right ventricular hypertrophy, 28 had both PMF area data and complete emphysema data. In these subjects no relationship could be shown between the degree of right ventricular hypertrophy (that is, decreasing heart weight ratio) and the PMF lesion area (fig 2) or the extent and type of emphysema.
Discussion
The present study has shown no evidence that there is an association between simple pneumoconiosis and right ventricular hypertrophy, the prevalence of the latter being the same in coalworkers with simple pneumoconiosis (defined in pathological or radiological terms) as in those with no pneumoconiosis. In these groups (the non-PMF subjects) the prevalence of right ventricular hypertrophy was low (15%) and, where present, it was associated with evidence of severe airflow obstruction during life. Similar findings have been reported in other studies.23 The possible causes of airflow obstruction and hence right ventricular hypertrophy are intrinsic airways disease and emphysema and in the non-PMF subjects there was evidence to suggest an association between emphysema and right ventricular hypertrophy. Relationships between emphysema and right ventricular hypertrophy have also been observed in miners and industrial workers with silicosis'4 and in coalworkers in contact with bituminous coal.'5 Studies of right ventricular hypertrophy in the general population,'6-24 however, have resulted in a divergence of opinion concerning such an association with disagreement, in particular, about whether the extent of emphysema and the size of the right ventricle are correlated and whether any association applies to a specific type of emphysema. These disagreements are largely the result of different methods of assessing right ventricular hypertrophy, one of which-the measurement of ventricular wall thickness-is considered to be unreliable.825 Another contributing factor has been the tendency of many workers to dismiss the fact that centriacinar and panacinar emphysema frequently coexist and to separate individuals according to the predominant type present. In the present study the types coexist but are considered separately and the results have shown that increased amounts of both centriacinar and panacinar emphysema are present in non-PMF subjects with right ventricular hypertrophy. The interpretation of these results is somewhat difficult, however, as counts of centriacinar and panacinar emphysema are significantly correlated with the total emphysema count (r = 074 and 0.88 respectively) and also with each other (r = 0-35) in non-PMF subjects. For this reason it is impossible to determine which, if either, of the two types is specifically associated with right ventricular hypertrophy. Some workers2022 have implicated centriacinar and others23 24 panacinar emphysema.
The absence, however, of right ventricular hypertrophy in several subjects with gross emphysema, together with its presence in some with mild emphysema, precludes emphysema from being considered the sole cause of right ventricular hypertrophy in the non-PMF subjects and suggests that airways disease may also play a part. In fact, it has been reported that in people dying of chronic obstructive lung disease right ventricular hypertrophy is generally less noticeable or is altogether absent in those with extensive emphysema. 26 The severity of the airflow obstruction seen in the non-PMF subjects with right ventricular hypertrophy, some of whom had minimal emphysema, is itself suggestive of severe airways disease.
In accord with other studies,2427 no relationship could be found between right ventricular hypertrophy and large airways disease as measured by bronchial mucous gland size.
It was interesting, but not altogether surprising, to find that none of the non-smokers and few of the ex-smokers in the non-PMF group had right ventricular hypertrophy. Cigarette smoking is known to be associated with both emphysema and airflow obstruction,2829 and these were common features of those subjects with right ventricular hypertrophy.
When PMF is present the overall prevalence of right ventricular hypertrophy is much higher, the 34% found in the present study being similar to the 44%30 and 42%3 previously reported. In this study the prevalence of right ventricular hypertrophy increased with the extent of massive fibrosis, which is in accord with the report of an increased prevalence of right ventricular hypertrophy with increasing diameter of the largest PMF lesion.3' We have also shown that there is no direct quantitative relationship between extent of PMF and degree of right ventricular hypertrophy, which suggests that destruction of the vascular bed by massive fibrosis is not the sole cause of right ventricular hypertrophy in PMF subjects, but that other factors play a part. Again there was evidence for the role of emphysema, specifically panacinar emphysema, which may reflect the fact that panacinar emphysema comprises a greater percentage of the total emphysema count in PMF subjects (64%) than in non-PMF subjects (48%).
Right ventricular hypertrophy was present in five of the 11 ex-smokers in the PMF group and in two of the seven non-smokers, both of whom had large PMF lesions; thus a greater percentage of the exsmokers and non-smokers had right ventricular hypertrophy in the PMF group than in the non-PMF group. These differences were not, however, significant (exact test for 2 x 2 contingency tables), probably because of the small numbers of subjects.
When we considered the PMF subjects individually, it seemed likely that in some cases right ventricular hypertrophy had developed simply through destruction of the vascular bed by massive fibrosis, whereas in others it was probably attributable to emphysema or severe airways disease or both. These were the extreme cases, however, and probably most subjects developed right ventricular hypertrophy as a result of more than one process. It is noteworthy that some PMF subjects did not show right ventricular hypertrophy even when extensive PMF and severe emphysema were present. This lends further support to the idea that there are other factors, specifically associated with chronic obstructive lung disease, which may be more closely related to right ventricular hypertrophy. Relationships between right ventricular hypertrophy and disseminated bronchiolostenosis have already been reported,3233 and in four subjects dying from chronic obstructive lung disease who had no emphysema cor pulmonale was attributed to hypoxia. 34 We realise that these factors may show a closer association with right ventricular hypertpphy than those we studied.
